The discovery of topologically non-trivial electronic systems has opened a new age in condensed matter research. From topological insulators to topological superconductors and Weyl semimetals, it is now understood that some of the most remarkable and robust phases in electronic systems (e.g., Quantum Hall or Anomalous Quantum Hall) are the result of topological protection.
The discovery of topologically non-trivial electronic systems has opened a new age in condensed matter research. From topological insulators to topological superconductors and Weyl semimetals, it is now understood that some of the most remarkable and robust phases in electronic systems (e.g., Quantum Hall or Anomalous Quantum Hall) are the result of topological protection.
These powerful ideas have recently begun to be explored also in bosonic systems.
Topologically protected acoustic [1] [2] [3] [4] , mechanical [5] [6] [7] [8] [9] and optical [10] [11] [12] [13] [14] edge states have been demonstrated in a number of systems that recreate the requisite topological conditions. Such states that propagate without backscattering could find important applications in communications and energy technologies. In this work we demonstrate the mechanical analogue of a topologically bound state, a different class of non-propagating protected state that cannot be destroyed by local perturbations. These are well known in electronic systems, such as Majorana bound states [15, 16] in topological superconductors, but remain largely unexplored in a bosonic setting. We implement topological binding by creating a Kekulé distortion vortex [17] on a two-dimensional mechanical honeycomb superlattice.
Topologically protected states emerge at generic topological defects of a gapped band structure. This general statement takes its simplest form in topological insulators [18] , electronic systems with a gap at the Fermi level that is topologically distinct from that of vacuum or conventional insulators. At the boundary between a topological insulator and vacuum, the topological index is forced to change and thus, the boundary is a topological defect from the electronic point of view. It develops protected edge states that cannot be destroyed, as long as the basic symmetries of the system (time-reversal symmetry in this example) are preserved. In a deep sense, these topological states are a manifestation of bulk topology, and their emergence is sometimes dubbed the bulk-boundary correspondence principle.
Topological modes at an extended boundary are propagating, but this is not generic. Topological bound states are also possible, e.g., at the point-like boundaries between two one-dimensional (1D) topological insulators or superconductors [19] . The 1D topological superconducting case is particularly striking. The topological states at its boundaries have zero energy, and are known as Majorana bound states (MBSs), due to their peculiar self-conjugate γ = γ † nature (half-electron, half-hole). These states, invented by Ettore Majorana in 1937 in a very different context [20] and studied by Kitaev in 2001 in superconductors [15] , have been proposed as a building block of practical quantum computers [21] , and are the subject of intense research currently [22, 23] . MBSs are furthermore a realisation of the topological binding mechanism studied in the context of the 1D Dirac equation by Jackiw and Rebbi in 1976 [19] .
A related work by Jackiw and Rossi demonstrated topological binding of states in the two-dimensional Dirac equation by means of vortices in a gap-opening field [24] . Magnetic flux vortices in spinless, p-wave superconductors have been shown to be a realisation of this proposal [25, 26] , with topologically trapped MBS emerging at the vortex core. The fundamental Jackiw-Rossi Hamiltonian takes the low-energy form of two Dirac valleys s = ±1 coupled by a gap-opening parameter ∆,
The gap parameter can be position dependent and is in general complex, ∆(r) = |∆(r)|e iφ(r) .
A magnetic n-vortex is realized by a winding of 2πn of its phase φ around the vortex core 
where r = r(cos φ r , sin φ r ). This vortex traps a Majorana zero energy state, confined to the core of the vortex. No perturbation to the system, other than merging of two vortices, can remove a MBS from zero energy. Key to this protection is the charge-conjugation symmetry between electrons and holes, which is also responsible for the particle-hole symmetry of the Bogoliubov-de Gennes spectrum of H.
In this work we demonstrate a mechanical analogue of a MBS topologically bound to a vortex. We constructed an artificial honeycomb-like lattice, i.e., distorted mechanical graphene, by decorating a thin aluminum plate with steel bolts [8, 29, 30] . The pattern of bolts, rendered in Fig. 1 , realises a periodic honeycomb lattice plus a distortion field. The former produces a spectrum analogous to graphene's, with two valleys and a Dirac-like dispersion around a specific Dirac frequency in each of them. As we will see in the following, this approach emulates electronic topological phenomena in our bosonic mechanical structure. The distortion field for an n-Kekulé-vortex takes the form of a position-dependent displacement δr(r) of the resonator (bolt) sites,
where K = [4π/3a, 0] is the valley wavevector, ± correspond to the two sublattices, and We fabricated such vortex-hosting configuration using the bolted-plate design and performed measurements with a laser Doppler vibrometer (LDV). In Fig. 2c , we show the experimental setup, in which a piezoelectric actuator excites the core of the vortex, and the LDV takes point-by-point measurements of the plate to reconstruct the wave field in the entire scanned area (see Methods).
To numerically characterize the system, we model the bolts as resonators with an effective out-of-plane stiffness and employ the multiple scattering theory (MST) [29] . For fixed n = 1 and ξ = 0.1a in Eq. (2), we vary the gap opening perturbation d 0 , and calculate the local density of states (LDOS) (see Methods for more details). In Fig. 2e , we plot the emerging spectral peaks and bandgap region (grey region) as we increase the perturbation The computed spatial profile of the displacement field at 8.83 kHz, excited by the point-like actuator shown in Fig. 2c , indicates that the topological mode is concentrated at the n = 1 vortex core (Fig. 2h) , while the displacement field is hardly visible in the n = 0 non-resonant case (Fig. 2g) . This prediction is closely matched by the measured mode profile shown in Topological bound states within a given symmetry class are special in that they cannot be removed out of the gap by arbitrary local perturbations that remain in the same symmetry class. To confirm the topological nature of the 8.83kHz mode trapped at the vortex, we now study its behavior as local perturbations are added to the core region. In the first place, we introduce a small local perturbation by adding a mass. This we do by fastening two nuts We numerically and experimentally demonstrated that the mechanical analogue of a MBS can exist in artificial structures hosting a non-trivial Kekulé vortex. We specifically showed the effect on the topologically bound mode of local-mass perturbations and PH symmetrypreserving perturbations. In contrast to other trivial bound states in the system, we showed that the topological mode is completely insensitive to PH-symmetric perturbations, which confirms its unique topological character. We foresee that our findings will widen the research of exotic topological phases in bosonic settings and could stimulate robust control and guiding of mechanical energy for signalling and filtering applications. 
METHODS

Sample fabrication
The sample is made of a thin aluminum 6061-T6 plate (762 × 762 × 2 mm ) and M4
black-oxide alloy steel bolts. The lattice size a is 26 mm. First, we machined and threaded 1069 holes on the plate using a CNC milling machine. We ensured that the bolts were firmly and equally fastened by taking advantage of the partially threaded bolts, in which the thread-less part can be used as limiter. We then used an electric screwdriver to tighten the bolts with the same torque as much as possible. At the same time, we added an instantbond adhesive (Loctite R 431) on the threads to secure the contact between the bolts and the plate. For the robustness study, we attached two zinc-plated steel nuts (1.4 g in total)
at the bottom of each bolt (3.4 g).
Experimental measurements and post-processing
We bonded a piezoelectric ceramic disc actuator (STEMiNC, diameter 10 mm, and thickness 1 mm) with a conductive silver epoxy adhesive just below the center of the plate, at which the topological mode has the maximum out-of-plane displacement. We send a frequency-chirped signal (2-20 kHz in 100 ms) from a function generator to the actuator via a voltage amplifier. We used a laser Doppler vibrometer (Polytec OFV 5000) to detect these vibrations. The device was mounted on a 2-axis linear stage, automated to scan a 2D area on the plate. We conducted point-by-point measurements in a square grid (7.5 × 7.5 mm) and collected the velocity-time history of 1600 points in total inside the yellow region shown in Fig. 2c . All the measurements were synchronized with respect to the onset of the input voltage signal of the function generator. We performed a fast Fourier transformation (FFT) on these velocity-time histories and obtained the power spectral of density (PSD)
to reconstruct a 2D field map at a given frequency. We further calculated the LDOS by summing the squared PSD for all points in the scanning area.
Modelling
Multiple scattering theory
The multiple scattering method is employed to solve the plate biharmonic equation coupled to a cluster of harmonic oscillators. We compute the plate displacement field as a superposition of a known harmonic incident wave ψ 0 ( r, t) = ψ 0 ( r)e iωt and the iterated scattered wave at each resonator [29] .
Each resonator is modelled as a point scatterer. The incident wave is taken as a point source. The plate stiffness, width and density together with the harmonic oscillator masses and spring constants are encoded in two dimensionless parameters, Ω R and γ R . These two quantities define uniquely the Dirac frequency Ω D for the undistorted lattice, see Fig. 3 . In this article we use Ω R = 2.15 and γ = 10. The spatial integration of absolute value of the displacement field is proportional to the local density of states (LDOS).
PH symmetric bolt-perturbation
The Dirac frequency in dimensionless units is Ω D = 1.362 which transformed to kHz is f D = 8.83kHz. This corresponds to t = 1 in Extended Data Fig. 3 . The Dirac frequency changes as a function of either γ or Ω R . However, an appropriate change of the two keeps the Dirac frequency constant. More precisely,
where S 0 is a constant equivalent to the one deduced in Ref.
[29]. 
